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(57) ABSTRACT

A lithium rechargeable battery in which an anti-rotation
groove is integrally formed with a lower recess of a safety
vent at a lower surface of a cap plate, and an insulating plate
and a terminal plate rest in the anti-rotation groove so that the
terminal plate is prevented from rotating when a cap assembly
is assembled is provided. In addition, instead of the anti-
rotation groove, a resting recess is formed on a lower surface
of'the cap plate, and the insulating plate and the terminal plate
restin the resting recess, so that the terminal plate is prevented
from rotating when the cap assembly is assembled.
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1
LITHIUM RECHARGEABLE BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tionNo. 11/232,868, filed on Sep. 23, 2005, now U.S. Pat. No.
8,216,705 and claims priority to and the benefit of Korean
Patent Application No. 10-2004-0077227, filed on Sep. 24,
2004 and Korean Patent Application No. 10-2004-0086893,
filed on Oct. 28, 2004 which are hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lithium rechargeable
battery. In particular, the present invention relates to a lithium
rechargeable battery in which an anti-rotation groove is inte-
grally formed with a lower recess of a safety vent at a lower
surface of a cap plate. In addition, an insulating plate and a
terminal plate rest in the anti-rotation groove so that the
terminal plate is prevented from rotating when a cap assembly
is assembled. The present invention also relates to a lithium
rechargeable battery, in which a resting recess is formed on a
lower surface of a cap plate, and an insulating plate and a
terminal plate rest in the resting recess so that the terminal
plate can be prevented from rotating when a cap assembly is
assembled.

2. Description of the Background

Recently, portable wireless devices such as video cameras,
portable phones, and portable computers that are compact and
lightweight and are equipped with various functions have
been developed. Studies have been actively performed on
rechargeable batteries that are used as power sources for the
portable wireless devices. For example, the rechargeable bat-
teries include Ni-Cd batteries, Ni-MH batteries, Ni-Zn bat-
teries and lithium rechargeable batteries.

Lithium rechargeable batteries may be fabricated in a com-
pact size and have a high operating voltage and high energy
density per unit weight, which makes them suitable for use in
the advanced electronic technology fields.

FIG. 1a is an exploded perspective view of a conventional
lithium rechargeable battery and FI1G. 15 is a sectional view of
a cap plate included in the conventional lithium rechargeable
battery.

The lithium rechargeable battery may be obtained by
accommodating an electrode assembly 112 including a sec-
ond electrode plate 113, a first electrode plate 115 and a
separator 114 in a can 110 together with an electrolyte, and
then sealing an upper opening 110a of the can 110 using a cap
assembly 120. In general, the first electrode plate 115 may be
a negative electrode plate and the second electrode plate 113
may be a positive electrode plate.

The cap assembly 120 includes a cap plate 140, an insulat-
ing plate 150, a terminal plate 160 and an electrode terminal
130. The cap assembly 120 is housed in an insulating case 170
and assembled with the upper opening 110q of the can 110,
thereby sealing the can 110.

The cap plate 140 comprises a metal plate with a size and
a shape that corresponds to the upper opening 110a of the can
110. The cap plate 140 is positioned towards the top of the cap
assembly 120 with a first terminal hole 141 that has a prede-
termined size and the electrode terminal 130 is inserted into
the first terminal hole 141. When the electrode terminal 130 is
inserted into the first terminal hole 141, a gasket tube 149 is
provided around the electrode terminal 130 to insulate the
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electrode terminal 130 from the cap plate 140. A safety vent
146 is formed at one side of the cap plate 140 and an electro-
lyte injection hole 142 with a predetermined size is formed at
the other side of the cap plate 140. After the cap assembly 120
has been assembled with the upper opening 110q of the can,
the electrolyte is injected into the can 110 through the elec-
trolyte injection hole 142. Then, the electrolyte injection hole
142 is sealed with a plug 143.

Referring to FIG. 15, the safety vent 146 includes an upper
recess 148 formed on an upper surface of the cap plate 140
and a lower recess 147 formed on a lower surface of the cap
plate 140. The safety vent 146 breaks when the internal pres-
sure of the rechargeable battery increases due to over-charge,
over-discharge, or overheating of the rechargeable battery so
that gas contained in the rechargeable battery can be
exhausted to the exterior through the safety vent 146, thereby
preventing explosion of the rechargeable battery. The posi-
tion of the safety vent 146 in the rechargeable battery may
vary depending on the type of battery.

The electrode terminal 130 is coupled with a first electrode
tab 117 of the first electrode plate 115 or a second electrode
tab 116 of the second electrode plate 113 so that the electrode
terminal 130 may serve as a negative electrode terminal or a
positive electrode terminal.

The insulating plate 150 may comprise substantially the
same insulating material as the gasket and is coupled with the
lower surface of the cap plate 140. The insulating plate 150 is
formed with a second terminal hole 151, which is aligned
with the first terminal hole 141 of the cap plate 140 and into
which the electrode terminal 130 is inserted. The insulating
plate 150 is positioned on the lower surface of the cap plate
140 with a resting recess 152 with a size and a shape that
corresponds to the terminal plate 160 such that the terminal
plate 160 may rest in the resting recess 152.

The terminal plate 160 may comprise a Ni alloy and is
coupled with the lower surface of the insulating plate 150.
The terminal plate 160 is formed with a third terminal hole
161, which is aligned with the first terminal hole 141 of the
cap plate 140 and into which the electrode terminal 130 is
inserted. Since the electrode terminal 130 inserted into the
first terminal hole 141 of the cap plate 140 is insulated from
the terminal plate 140 by the gasket tube 149, the terminal
plate 160 may be electrically connected to the electrode ter-
minal 130 while being electrically insulated from the cap
plate 140.

In order to couple the electrode terminal 130 with the cap
plate 140, the insulating plate 150, and the terminal plate 160,
the electrode terminal 130 is inserted into the first terminal
hole 141 of the cap plate 140 by applying predetermined
pressure and rotational force to the electrode terminal 130.
Thus, the electrode terminal 130 is coupled with the terminal
plate 160 by passing through the first, second and third ter-
minal holes 141, 151 and 161, respectively. Thus, the insu-
lating plate 150 and the terminal plate 160 may rotate about
the first terminal hole 141 of the cap plate 140 while the
electrode terminal 130 is being inserted into the first, second
and third terminal holes 141, 151 and 161, so the insulating
plate 150 may be offset from the terminal plate 160.

In addition, when the positive electrode tab 116 is coupled
with the lower surface of the terminal plate 160, the terminal
plate 160 may rotate so that the terminal plate 160 may be
offset from its initial position.

Furthermore, when a lead plate (not shown) connected to a
protective circuit module is coupled with the electrode termi-
nal 130 after the cap assembly 120 has been assembled, the
terminal plate 160 may rotate together with the electrode
terminal 130 so that the terminal plate 160 may be damaged.
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In addition, in order to couple the cap assembly 120 with
the insulating case 170, the insulating plate 150 and the ter-
minal plate 160 must be reverse-rotated about the electrode
terminal 130 such that they are aligned in the same direction
as the cap plate 140. However, such a process not only length-
ens the process time, but also causes deformation of the
terminal plate 160 made from a thin metal plate.

SUMMARY OF THE INVENTION

The present invention provides a lithium rechargeable bat-
tery in which an anti-rotation groove is integrally formed with
alowerrecess of a safety vent ata lower surface ofa cap plate,
and an insulating plate and a terminal plate rest in the anti-
rotation groove, so that the terminal plate can be prevented
from rotating when a cap assembly is assembled.

The present invention also provides a lithium rechargeable
battery in which a resting recess is formed on a lower surface
of'a cap plate, and an insulating plate and a terminal plate rest
in the resting recess, so that the terminal plate can be pre-
vented from rotating when a cap assembly is assembled.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses a lithium rechargeable bat-
tery comprising an electrode assembly including a first elec-
trode plate, a second electrode plate and a separator, and a can
that houses the electrode assembly and an electrolyte. The
electrode assembly includes a cap plate, an insulating plate, a
terminal plate, and an electrode terminal. The cap plate is
positioned at an upper opening of the can in order to seal the
can and includes a safety vent formed at a first side of the cap
plate and an anti-rotation groove that is integrally formed
with a lower recess of the safety vent at a lower surface of the
first side of the cap plate.

The present invention also discloses a lithium rechargeable
battery comprising an electrode assembly including a positive
electrode plate, a negative electrode plate and a separator and
a can that houses the electrode assembly and an electrolyte.
The electrode assembly includes a cap plate, an insulating
plate, a terminal plate and an electrode terminal. The cap plate
is positioned at an upper opening of the can in order to seal the
can, and includes a first resting recess with a substantially
similar size as the insulating plate such that the insulating
plate rests in the first resting recess.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1a is an exploded perspective view of a conventional
lithium rechargeable battery.

FIG. 15 is a sectional view of a cap plate included in a
conventional lithium rechargeable battery.

FIG. 2 is an exploded perspective view of a lithium
rechargeable battery according to an exemplary embodiment
of the present invention.

FIG. 3a is a bottom view of the cap plate shown in FIG. 2.
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FIG. 34 is a sectional view taken along line A-A' shown in
FIG. 3a.

FIG. 4a is a bottom view of the insulating plate shown in
FIG. 2.

FIG. 44 is a sectional view taken along line B-B' shown in
FIG. 4a.

FIG. 5a is a plan view of the terminal plate shown in FIG.
2.

FIG. 54 is a sectional view taken along line C-C' shown in
FIG. 5a.

FIG. 6 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

FIG. 7 is a sectional view of a terminal plate according to
another exemplary embodiment of the present invention.

FIG. 8 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

FIG. 9a is a bottom view of a cap assembly including a cap
plate shown in FIG. 3a, an insulating plate shown in FIG. 4a
and a terminal plate shown in FIG. 5a.

FIG. 94 is a sectional view taken along line D-D' shown in
FIG. 9a.

FIG. 10 is a sectional view of a cap assembly including a
cap plate shown in FIG. 3a, an insulating plate shown in FIG.
6 and a terminal plate shown in FIG. 7.

FIG. 11 is a sectional view of a cap assembly including a
cap plate shown in FIG. 3a, an insulating plate shown in FIG.
8 and a terminal plate shown in FIG. 7.

FIG. 12 is an exploded perspective view of a lithium
rechargeable battery according to another exemplary
embodiment of the present invention.

FIG. 13a is a bottom view of a cap plate shown in FIG. 12.

FIG. 135 is a sectional view taken along line A-A' shown in
FIG. 13a.

FIG. 14a is a bottom view of an insulating plate shown in
FIG. 12.

FIG. 1454 is a sectional view taken along line B-B' shown in
FIG. 14a.

FIG. 15 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

FIG. 16 is a sectional view of a terminal plate according to
another exemplary embodiment of the present invention.

FIG. 17 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

FIG. 18a is a bottom view of a cap assembly including a
cap plate shown in FIG. 13« and an insulating plate shown in
FIG. 14a.

FIG. 185 is a sectional view taken along line C-C' shown in
FIG. 18a.

FIG. 19 is a sectional view of a cap assembly including a
cap plate shown in FIG. 13a, an insulating plate shown in
FIG. 15 and a terminal plate shown in FIG. 16.

FIG. 20 is a sectional view of a cap assembly including a
cap plate shown in FIG. 13a, an insulating plate shown in
FIG. 17 and a terminal plate shown in FIG. 16.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of'the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
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It will be understood that when an element such as a layer,
film, region or substrate is referred to as being “on” another
element, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

FIG. 2 is an exploded perspective view of a lithium
rechargeable battery according to an exemplary embodiment
of the present invention, FIG. 3a is a bottom view of a cap
plate shown in FIG. 2, FIG. 354 is a sectional view taken along
line A-A' shown in FIG. 3a, FIG. 4a is a bottom view of an
insulating plate shown in FIG. 2, FIG. 45 is a sectional view
taken along line B-B' shown in FIG. 4a, FIG. 5a is a plan view
of'a terminal plate shown in FIG. 2, and FIG. 56 is a sectional
view taken along line C-C' shown in FIG. 5a.

Referring to FIG. 2, the lithium rechargeable battery of the
present invention includes a can 210, an electrode assembly
212 housed in the can 210, and a cap assembly 220 assembled
with an upper end portion of the can 210 in order to seal an
upper opening 210a of the can 210.

The can 210 comprises a metal and has a box shape. For
example, the can 210 may comprise lightweight aluminum or
an aluminum alloy. The can 210 has an upper end with the
upper opening 210aq, and the electrode assembly 212 is
housed in the can 210 through the upper opening 210a.

The electrode assembly 212 includes a second electrode
plate 213, afirst electrode plate 215, and a separator 214. The
first electrode plate 215 and the second electrode plate 213 are
stacked with the separator 214 interposed therebetween and
are then wound in the shape of a jellyroll. A second electrode
tab 216 is coupled with the second electrode plate 213 and an
end portion of the second electrode tab 216 protrudes upward
from the electrode assembly 212. A first electrode tab 217 is
coupled with the first electrode plate 215 and an end portion
of'the first electrode tab 217 protrudes upward from the elec-
trode assembly 212. In general, the first electrode plate 215
serves as a negative electrode plate, the first electrode tab 217
serves as a negative electrode tab, the second electrode plate
213 serves as a positive electrode plate, and the second elec-
trode tab 216 serves as a positive electrode tab. However, it is
also possible to form the first electrode plate and the first
electrode tab as the positive electrode plate and the positive
electrode tab, respectively, while forming the second elec-
trode plate and the second electrode tab as the negative elec-
trode plate and the negative electrode tab, respectively.

The cap assembly 220 includes a cap plate 240, an insulat-
ing plate 250, a terminal plate 260, and an electrode terminal
230. The cap assembly 220 is housed in an insulating case 270
and is coupled with the upper opening 210a of the can 210 to
seal the can 210.

Referring to FIG. 3a and FIG. 35, the cap plate 240 may
comprise a metal plate with a size and shape corresponding to
the upper opening 210qa of the can 210. The cap plate 240 is
formed at the center of the upper opening 210a with a fourth
terminal hole 241 having a predetermined size and the elec-
trode terminal 230 is inserted into the fourth terminal hole
241. A gasket tube 249 is provided in the fourth terminal hole
241 to insulate the electrode terminal 230 from the cap plate
240.

A safety vent 246 is formed at one side of the cap plate 240
and an anti-rotation groove 244 is formed on a lower surface
of'the cap plate 240 corresponding to the safety vent 246. The
safety vent 246 includes an upper recess 248 formed on the
upper surface of the cap plate 240 and a lower recess 247
formed on the lower surface of the cap plate 240. The safety
is vent 246 is broken when internal pressure of the recharge-
able battery rises due to over-charge, over-discharge or over-
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6

heating of the rechargeable battery so that gas contained in the
rechargeable battery may be exhausted to the exterior through
the safety vent 246, thereby preventing explosion of the bat-
tery. A coupling tip 245 may also be formed at the other side
of the cap plate 240.

The anti-rotation groove 244 is integrally formed with the
lower recess 247 of the safety vent 246 and extends from the
lower recess 247 of the safety vent 246 towards the fourth
terminal hole 241 by a predetermined distance. The anti-
rotation groove 244 may be formed together with the lower
recess 247 of the safety vent 246 by recessing the lower
surface of the cap plate 240. Therefore, the anti-rotation
groove 244 may be formed when forming the safety vent 246,
thus eliminating an additional process to form the anti-rota-
tion groove 244.

The anti-rotation groove 244 may be formed with various
shapes, such as a square shape, a rectangular shape, or a
cylindrical shape, but is not limited thereto. The anti-rotation
groove 244 has a length corresponding to about 10% to about
40% of a length of the cap plate 240 and a width correspond-
ing to at least about 40% of a width of the cap plate 240. If the
length or the width of the anti-rotation groove 244 is too
small, the anti-rotation groove 244 cannot securely fix the
terminal plate 260. In contrast, if the length or the width of the
anti-rotation groove 244 is too large, the thickness of the cap
plate 240 is reduced, so the strength of the cap plate 240 may
be weakened.

The depth of the anti-rotation groove 244 is selected by
taking a contact surface between the cap plate 240 and the
insulating plate 250 into consideration. For example, the anti-
rotation groove 244 may be about 0.1 mm to about 0.3 mm
deep. If the anti-rotation groove 244 is less than about 0.1 mm
deep, the anti-rotation groove 244 cannot secure the insulat-
ing plate 250. In addition, if the anti-rotation groove 244 is
more than about 0.3 mm deep, strength of the cap plate 240
may be weakened.

The electrolyte injection hole 242 is formed at the other
side of the cap plate 240 with a predetermined size. After the
cap assembly 220 has been coupled with the upper opening
210a of the can 210, the electrolyte is injected into the can 210
through the electrolyte injection hole 242. Then, the electro-
lyte injection hole 242 is sealed with a plug 243.

The coupling tip 245 protrudes from a predetermined posi-
tion between the fourth terminal hole 241 and the electrolyte
injection hole 242 by a predetermined height. The height of
the coupling tip 245 may be equal to or less than that of the
insulating plate 250 such that the coupling tip 245 may not
protrude out of the insulating plate 250 when the insulating
plate 250 is coupled with the coupling tip 245. The coupling
tip 245 may be omitted if rotation of the insulating plate 250
is prevented by the anti-rotation groove 244.

Referring to FIG. 4a and FIG. 44, the insulating plate 250
may comprise substantially the same insulating material as
that of the gasket and is coupled with the lower surface of the
cap plate 240. The insulating plate 250 includes a second
terminal hole 251, a resting recess 252, a protrusion 253, and
a coupling slot 254.

The fifth terminal hole 251 is aligned corresponding to the
fourth terminal hole 241 of the cap plate 240 when the insu-
lating plate 250 is coupled with the cap plate 240 such that the
electrode terminal 230 may be inserted into the fifth terminal
hole 251 through the first terminal hole 241.

The resting recess 252 is formed on the lower surface of the
insulating plate 250 with a size and a shape that corresponds
to the terminal plate 260. The resting recess 252 may have a
depth less than the thickness of the terminal plate 260.
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The protrusion 253 protrudes from one side of the upper
surface of the insulating plate 250 by a predetermined height
such that the protrusion 253 may be coupled with the anti-
rotation groove 244. If the height or the size of the protrusion
253 is larger than the depth or the size of the anti-rotation
groove 244, the protrusion 253 may be incompletely coupled
with the anti-rotation groove 244 so that the insulating plate
250 cannot be secured. In addition, if the height or the size of
the protrusion 253 is much smaller than the depth or the size
of the anti-rotation groove 244, the protrusion 253 may be
insufficiently coupled with the anti-rotation groove 244, so
that the insulating plate 250 cannot be secured. In this case,
the insulating plate 250 and the terminal plate 260 may rotate
idly.

The coupling slot 254 is formed at the other side of the
insulating plate 250 corresponding to the coupling tip 245
provided at the lower surface of the cap plate 240 such that the
coupling tip 245 may be inserted into the coupling slot 254. If
the coupling slot 254 of the insulating plate 250 is coupled
with the coupling tip 245 of the cap plate 240, the insulating
plate 250 and the terminal plate 260 may be prevented from
rotating relative to the cap plate 240 when the electrode ter-
minal 230 is inserted into the fifth terminal hole 251. The
coupling slot 254 may be omitted if the coupling tip 245 is not
provided in the cap plate 240.

The terminal plate 260 may comprise a plate-shaped Ni
alloy, but is not limited thereto. The terminal plate 260 rests in
the resting recess 252 formed on the lower surface of the
insulating plate 250 and is secured with the insulating plate
250. The terminal plate 260 includes a sixth terminal hole
261, which is aligned corresponding to the fourth terminal
hole 241 of the cap plate 240 and into which the electrode
terminal 230 is inserted. The terminal plate 260 is coupled
with the electrode terminal 230 while being electrically insu-
lated from the cap plate 240 by means of the insulating plate
250.

The electrode terminal 230 is inserted into the fourth, fifth
and sixth terminal holes 241, 251 and 261 formed in the cap
plate 240, the insulating plate 250 and the terminal plate 260,
respectively. In addition, the electrode terminal 230 is
coupled with the first electrode tab 217 of the electrode
assembly 212 through the terminal plate 260. When the elec-
trode terminal 230 is inserted into the fourth terminal hole 241
of'the cap plate 240, the electrode terminal 230 is electrically
insulated from the cap plate 240 by the gasket tube 249. It is
also possible to allow the electrode terminal 230 to be coupled
with the second electrode tab 216 depending on the type of the
electrode assembly 212.

FIG. 6 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention,
and FIG. 7 is a sectional view of a terminal plate according to
another exemplary embodiment of the present invention.

Referring to FIG. 6, the insulating plate 250q includes a
protrusion 253 at its upper surface and a resting recess 252 at
its lower surface. A fixing groove 252a is formed at a prede-
termined portion of the resting recess 252. The fixing groove
252a may be aligned with the protrusion 253 of the insulating
plate 2504 and is substantially the same size as the protrusion
253 of the insulating plate 250q.

Referring to FIG. 7, the terminal plate 260a includes an
anti-rotation protrusion 262 at its upper surface. The anti-
rotation protrusion 262 corresponds to the fixing groove 252a
formed on the lower surface of the insulating plate 250a.
Thus, the anti-rotation protrusion 262 is coupled with the
fixing groove 252a, thereby preventing the terminal plate
260q from rotating relative to the insulating plate 250a.
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FIG. 8 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

Referring to FIG. 8, the insulating plate 2505 includes a
fixing groove 2524 on its lower surface without forming a
separate resting recess and includes a protrusion 253 on its
upper surface. The fixing groove 2525 has a size and a shape
that corresponds to an anti-rotation groove 244 of the cap
plate 240 and is coupled with the anti-rotation protrusion 262
of the terminal plate 2604 shown in FIG. 7. Accordingly, the
terminal plate 260q is fixed to the insulating plate 2505 that
rests in the anti-rotation groove 244 of the cap plate 240 so
that the terminal plate 260a may be prevented from rotating
relative to the cap plate 240.

Hereinafter, the operation of the cap assembly included in
the lithium rechargeable battery according to the present
invention will be described.

FIG. 9a is a bottom view of the cap assembly including the
cap plate shown in FIG. 3a, the insulating plate shown in FIG.
4a and the terminal plate shown in FIG. 5a, and FIG. 95 is a
sectional view taken along line D-D' shown in FIG. 9a.

Referring to FIG. 9a and FIG. 95, the cap plate 240, the
insulating plate 250, and the terminal plate 260 of the cap
assembly 220 are stacked such that centers of the fourth, fifth
and sixth terminal holes 241, 251 and 261 match each other.
The electrode terminal 230 is then inserted into the first,
second and third terminal holes 241, 251 and 261. The pro-
trusion 253 provided on the upper surface of the insulating
plate 250 is coupled with the anti-rotation groove 244 formed
on the lower surface of the cap plate 240.

In addition, the terminal plate 260 rests in the resting recess
252 formed on the lower surface of the insulating plate 250.
At this time, the safety vent 246 that is integrally formed with
the anti-rotation groove 244 is exposed without being covered
by the insulating plate 250 so that the safety vent 246 can
perform its own functions. The coupling tip 245 formed at the
other side of the cap plate 240 is inserted into the coupling slot
254 of the insulating plate 250.

The electrode terminal 230 is inserted into the fourth ter-
minal hole 241 of the cap plate 240 stacked as shown in FIG.
9a while being rotated by predetermined external force
applied thereto and sequentially passes through the second
and third terminal holes 251 and 261, respectively. When the
electrode terminal 230 is sequentially inserted into the fourth,
fifth and sixth terminal holes 241, 251 and 261, friction may
occur between the electrode terminal 230 and fifth and sixth
terminal holes 251 and 261 of the insulating plate 250 and the
terminal plate 260, respectively. Thus, the insulating plate
250 and the terminal plate 260 may rotate about the fourth
terminal hole 241 of the cap plate 240. However, since the
protrusion 253 of the insulating plate 250 is coupled with the
anti-rotation groove 244 of the cap plate 240 and the terminal
plate 260 rests in the resting recess 252 of the insulating plate
250, the insulating plate 250 and the terminal plate 260 are
prevented from rotating about the fourth terminal hole 241 of
the cap plate 240. In addition, since the coupling tip 245 of the
cap plate 240 is inserted into the coupling slot 254 of the
insulating plate 250, the rotation of the insulating plate 250
may be further prevented.

In addition, when a lead plate (not shown) is coupled with
the electrode terminal 230 after the cap assembly 220 has
been assembled, the electrode terminal 230 may be prevented
from rotating. Even if the electrode terminal 230 rotates, the
terminal plate 260 can be prevented from rotating.

FIG. 10 is a sectional view of the cap assembly including
the cap plate shown in FIG. 3a, the insulating plate shown in
FIG. 6, and the terminal plate shown in FIG. 7.
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Referring to FIG. 10, the cap plate 240, the insulating plate
250q and the terminal plate 260a of the cap assembly 220a are
stacked such that centers of the fourth, fifth and sixth terminal
holes 241, 251 and 261 match each other and the electrode
terminal 230 is fixedly inserted into fourth, fifth and sixth
terminal holes 241, 251 and 261. At this time, the protrusion
253 formed on the upper surface of the insulating plate 250a
is coupled with the anti-rotation groove 244 formed on the
lower surface of the cap plate 240. In addition, the terminal
plate 260a rests in the resting recess 252 formed on the lower
surface of the insulating plate 2504. The fixing groove 252a is
formed in the resting recess 252 of the insulating plate 250a
and the anti-rotation protrusion 262 formed on the upper
surface of the terminal plate 2604 is inserted into the fixing
groove 252a. Therefore, the insulating plate 250a and the
terminal plate 260a may not rotate relative to the cap plate 240
when the electrode terminal 230 is inserted into the fourth,
fifth and sixth terminal holes 241, 251 and 261.

FIG. 11 is a sectional view of the cap assembly including
the cap plate shown in FIG. 3a, the insulating plate shown in
FIG. 8, and the terminal plate shown in FIG. 7.

Referring to FIG. 11, the cap plate 240, the insulating plate
2505, and the terminal plate 2604 of the cap assembly 2205
are stacked such that centers of the fourth, fifth and sixth
terminal holes 241, 251 and 261 match each other and the
electrode terminal 230 is fixedly inserted into the fourth, fifth
and sixth terminal holes 241, 251 and 261. At this time, the
protrusion 253 formed on the upper surface of the insulating
plate 2505 is coupled with the anti-rotation groove 244
formed on the lower surface of the cap plate 240. In addition,
the terminal plate 260a rests on the lower surface of the
insulating plate 2505. The anti-rotation protrusion 262
formed on the upper surface of the terminal plate 260q is
inserted into the fixing groove 2525 formed on the lower
surface of the insulating plate 2505. Therefore, the insulating
plate 2505 and the terminal plate 2604 may not rotate relative
to the cap plate 240 when the electrode terminal 230 is
inserted into the first, second and third terminal holes 241,
251 and 261.

FIG. 12 is an exploded perspective view of a lithium
rechargeable battery according to another exemplary
embodiment of the present invention, FIG. 134 is a bottom
view of a cap plate shown in FIG. 12, FIG. 135 is a sectional
view taken along line A-A' shown in FIG. 13a, FIG. 14a is a
bottom view of an insulating plate shown in FIG. 12, and F1G.
145 is a sectional view taken along line B-B' shown in FIG.
14a.

Referring to FIG. 12, the lithium rechargeable battery
according to another exemplary embodiment of the present
invention includes a can 310, an electrode assembly 312
accommodated in the can 310, and a cap assembly 320
assembled with an upper end portion of the can 310 in order
to seal an upper opening 310a of the can 310.

The can 310 may comprise a metal with a box shape. The
can 310 may comprise lightweight aluminum or an aluminum
alloy. The can 310 includes an upper opening 310a at an upper
end and the electrode assembly 312 is housed in the can 310
through the upper opening 310a.

The electrode assembly 312 includes a positive electrode
plate 313, a negative electrode plate 315 and a separator 314.
The positive electrode plate 313 and the negative electrode
plate 315 are stacked with the separator 314 therebetween and
then wound in the form of a jellyroll. A positive electrode tab
316 is welded to the positive electrode plate 313 and an end
portion of the positive electrode tab 316 protrudes upward
from the electrode assembly 312. A negative electrode tab
317 is welded to the negative electrode plate 315 and an end
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portion of the negative electrode tab 317 protrudes upward
from the electrode assembly 312.

The cap assembly 320 includes a cap plate 340, an insulat-
ing plate 350, a terminal plate 360 and an electrode terminal
330. The cap assembly 320 is accommodated in an insulating
case 370 and coupled with the upper opening 310a of the can
310 so as to seal the can 310.

Referring to FIG. 13a and FIG. 135, the cap plate 340 may
comprise a metal plate with a size and a shape that corre-
sponds to those of the upper opening 310a of the can 310. The
cap plate 340 is formed at the center thereof with a first
terminal hole 341 having a predetermined size and the elec-
trode terminal 330 is inserted into the first terminal hole 341.
A gasket tube 346 is provided in the fourth terminal hole 341
to insulate the electrode terminal 330 from the cap plate 340.

A first resting recess 344 is formed on the lower surface of
the cap plate 340. The first resting recess 344 includes the
fourth terminal hole 341 and has a size corresponding to the
size of the insulating plate 350. In particular, the first resting
recess 344 includes the fourth terminal hole 341, is substan-
tially the same size as the insulating plate 350, and is formed
on the lower surface of the cap plate 340 such that the insu-
lating plate 350 may rest in the first resting recess 344. The
first resting recess 344 may be formed by recessing the lower
surface of the cap plate 240.

The depth of the first resting recess 344 is selected by
taking a contact surface between the cap plate 340 and the
insulating plate 350 into consideration. For example, the first
resting recess 344 may be in a range of about 0.1 mm to about
0.5 mm deep. Ifthe first resting recess 344 is too shallow, the
first resting recess 344 cannot secure the insulating plate 350.
In addition, if the first resting recess 344 is too large, the
strength of the cap plate 340 may be weakened.

The electrolyte injection hole 342 is formed at the other
side of the cap plate 340 with a predetermined size. After the
cap assembly 320 has been coupled with the upper opening
310a of the can 310, the electrolyte is injected into the can 310
through the electrolyte injection hole 342. Then, the electro-
lyte injection hole 342 is sealed with a plug 343.

Referring to FIG. 14a and FIG. 144, the insulating plate
350 may comprise substantially the same insulating material
as the gasket and is coupled with the lower surface of the cap
plate 340. The insulating plate 350 includes a second terminal
hole 351 and a second resting recess 352.

The fifth terminal hole 351 is aligned corresponding to the
fourth terminal hole 341 of the cap plate 340 when the insu-
lating plate 350 is coupled with the cap plate 340 such that the
electrode terminal 330 may be inserted into the fifth terminal
hole 351 through the first terminal hole 341.

The second resting recess 352 is formed on the lower
surface of the insulating plate 350 with a size and a shape that
corresponds to the terminal plate 360. The second resting
recess 352 may have a depth less than the thickness of the
terminal plate 360.

The terminal plate 360 may comprise a plate-shaped Ni
alloy, but is not limited thereto. The terminal plate 36 rests in
the second resting recess 352 formed on the lower surface of
the insulating plate 350. Thus, the terminal plate 360 is
coupled with the insulating plate 350 and moves together with
the insulating plate 350. The terminal plate 360 is formed
with a third terminal hole 361, which is aligned correspond-
ing to the fourth terminal hole 341 of the cap plate 340 and
into which the electrode terminal 330 is inserted. The termi-
nal plate 360 is coupled with the electrode terminal 330 while
being electrically insulated from the cap plate 340 by means
of the insulating plate 350.
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The electrode terminal 330 is inserted into the first, second
and third terminal holes 341, 351 and 361 formed in the cap
plate 340, the insulating plate 350 and the terminal plate 360,
respectively. In addition, the electrode terminal 330 is
coupled with the negative electrode tab 317 of the electrode
assembly 312 through the terminal plate 360. When the elec-
trode terminal 330 is inserted into the fourth terminal hole 341
of'the cap plate 340, the electrode terminal 330 is electrically
insulated from the cap plate 340 by means of the gasket tube
346. It is also possible to allow the electrode terminal 330 to
be coupled with the positive electrode tab 316 depending on
the type of the electrode assembly 312.

FIG. 15 is a sectional view of an insulating plate according
to still another exemplary embodiment of the present inven-
tion and FIG. 16 is a sectional view ofa terminal plate accord-
ing to another exemplary embodiment of the present inven-
tion.

Referring to FIG. 15, the insulating plate 3504 includes a
first fixing groove 352 having a predetermined size and being
formed at a predetermined portion of the second resting
recess 352. The first fixing groove 352a may be aligned
opposite the second terminal hole 351. The fixing groove
352a may be formed with various shapes, such as a square
shape, a circular shape, or a rectangular shape, but is not
limited thereto.

Referring to FIG. 16, the terminal plate 360« includes an
anti-rotation protrusion 362 at its upper surface. The anti-
rotation protrusion 362 corresponds to the first fixing groove
352a formed on the lower surface of the insulating plate 350a.
The anti-rotation protrusion 362 is coupled with the fixing
groove 3524, thereby preventing the terminal plate 360a from
rotating relative to the insulating plate 350a.

Accordingly, the insulating plate 350a and the terminal
plate 360a may be prevented from rotating relative to the cap
plate 340 by means of the first fixing groove 3524 and the
anti-rotation protrusion 362.

FIG. 17 is a sectional view of an insulating plate according
to another exemplary embodiment of the present invention.

Referring to FIG. 17, the insulating plate 3505 includes a
second fixing groove 3525 on its lower surface without form-
ing a separate resting recess. The second fixing groove 3525
is coupled with the anti-rotation protrusion 362 formed on the
upper surface of the terminal plate 360a shown in FIG. 16.
Accordingly, the terminal plate 360a is coupled with the
insulating plate 3505 rested in the first resting recess 344 of
the cap plate 340 so that the terminal plate 360a may be
prevented from rotating relative to the cap plate 340.

Hereinafter, the operation of the cap assembly included in
the lithium rechargeable battery according to another exem-
plary embodiment of the present invention will be described.

FIG. 18a is a bottom view of the cap assembly including
the cap plate shown in FIG. 13a and the insulating plate
shown in FIG. 144, and FIG. 18b is a sectional view taken
along line C-C' shown in FIG. 18a.

Referring to FIG. 18a and FI1G. 185, the cap plate 340, the
insulating plate 350 and the terminal plate 360 of the cap
assembly 320 are stacked such that centers of the fourth, fifth
and sixth terminal holes 341, 351 and 361 align with each
other. The electrode terminal 330 is then inserted into the
fourth, fifth and sixth terminal holes 341, 351 and 361. The
insulating plate 350 rests in the first resting recess 344 formed
on the lower surface of the cap plate 340. In addition, the
terminal plate 360 rests in the second resting recess 352
formed on the lower surface of the insulating plate 350.

The electrode terminal 330 is inserted into the fourth ter-
minal hole 341 of the cap plate 340 stacked as shown in FIG.
18a while being rotated by predetermined external force
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applied thereto. The electrode terminal 330 passing through
the fourth terminal hole 341 sequentially passes through the
fifth terminal hole 351 of the insulating plate 350 and the is
sixth terminal hole 361 of the terminal plate 360. At this time,
since inner diameters of the fifth and sixth terminal holes 351
and 361 formed in the insulating plate 350 and the terminal
plate 360, respectively, are substantially the same as or
slightly larger than an outer diameter of the electrode terminal
330, friction may occur between the electrode terminal 330
and fifth and sixth terminal holes 351 and 361 of the insulat-
ing plate 350 and the terminal plate 360 when the electrode
terminal 300 is inserted into the fifth and sixth terminal holes
351 and 361 of the insulating plate 350 and the terminal plate
360. However, since the insulating plate 350 rests in the first
resting recess 344 of the cap plate 340 and the terminal plate
360 rests in the second resting recess 352 of the insulating
plate 350, the insulating plate 350 and the terminal plate 360
are prevented from rotating.

In addition, the height of the cap assembly 320 may
decrease because the insulating plate and the terminal plate
may rest in the cap plate. Accordingly, the internal volume of
the can may increase if the cap assembly is assembled with
the can, so that capacity of the rechargeable battery can be
increased.

FIG. 19 is a sectional view of the cap assembly including
the cap plate shown in FIG. 134, the insulating plate shown in
FIG. 15, and the terminal plate shown in FIG. 16.

Referring to FIG. 19, the cap plate 340, the insulating plate
350q and the terminal plate 360a of the cap assembly 320a are
stacked such that centers of the first, second and third terminal
holes 341, 351 and 361 match each other and the electrode
terminal 330 is inserted into the first, second and third termi-
nal holes 341, 351 and 361. The insulating plate 3504 rests in
the first resting recess 344 formed on the lower surface of the
cap plate 340. In addition, the terminal plate 360a rests in the
second resting recess 352 formed on the lower surface of the
insulating plate 350q. The first fixing groove 3524 is formed
in the second resting recess 352 of the insulating plate 350a
and the anti-rotation protrusion 362 formed on the upper
surface of the terminal plate 360q is inserted into the first
fixing groove 352a. Therefore, the insulating plate 3504 and
the terminal plate 360a may not rotate relative to the cap plate
340 when the electrode terminal 330 is inserted into the first,
second and third terminal holes 341, 351 and 361.

FIG. 20 is a sectional view of the cap assembly including
the cap plate shown in FIG. 134, the insulating plate shown in
FIG. 17 and the terminal plate shown in FIG. 16.

Referring to FIG. 20, the cap plate 340, the insulating plate
3505 and the terminal plate 360a of the cap assembly 3205 are
stacked such that centers of the first, second and third terminal
holes 341, 351 and 361 match each other and the electrode
terminal 330 is inserted into the first, second and third termi-
nal holes 341, 351 and 361. The insulating plate 3505 rests in
the first resting recess 344 formed on the lower surface of the
cap plate 340. In addition, the terminal plate 360q rests on the
lower surface of the insulating plate 350a. The anti-rotation
protrusion 362 formed on the upper surface of the terminal
plate 360q is inserted into the second fixing groove 3524
formed on the lower surface of the insulating plate 3505.
Therefore, the insulating plate 3506 and the terminal plate
360a may not rotate relative to the cap plate 340 when the
electrode terminal 330 is inserted into the first, second and
third terminal holes 341, 351 and 361.

As described above, according to the rechargeable battery
of the present invention, when fabricating the cap assembly
by inserting the electrode terminal into the cap plate, the
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insulating plate and the terminal plate, the terminal plate can
be prevented from rotating relative to the cap plate.

In addition, according to the present invention, the lower
recess of the safety vent is integrally formed with the anti-
rotation groove, so it is not necessary to match the upper
recess of the safety vent with the lower recess of the safety
vent, thereby facilitating and improving the fabrication pro-
cess for the safety vent. In addition, the safety vent may be
prevented from being deformed so that the safety and reli-
ability of the rechargeable battery can be improved.

Furthermore, according to the present invention, when the
lead plate is welded to the electrode terminal after the cap
assembly has been assembled, the terminal plate may be
prevented from rotating even if the electrode terminal rotates,
thereby preventing deformation of the terminal plate.

In addition, according to the present invention, it is not
necessary to inversely rotate the insulating plate and the ter-
minal plate because the insulating plate and the terminal plate
may not rotate when the electrode terminal is inserted therein,
so deformation of the terminal plate can be prevented.

According to the present invention, the height of the cap
assembly may be shortened because the insulating plate and
the terminal plate may rest in the cap plate. Accordingly, an
interval volume of'the can may increase if the cap assembly is
assembled with the can, so that capacity of the rechargeable
battery can be increased.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A battery, comprising:

an electrode assembly including a first electrode, a second

electrode, and a separator;

a case housing the electrode assembly and an electrolyte;

and

a cap assembly disposed in an opening of the case and

including a cap plate, an insulating plate disposed under
the cap plate, a terminal plate disposed under the insu-
lating plate, and an electrode terminal,

wherein the cap plate includes a first portion having a first

thickness, and a second portion having a second thick-
ness that is less than the first thickness, the second por-
tion including a first recess formed in its lower surface,
the first recess having opposing sidewalls,

wherein the insulating plate comprises an upper surface

contacting the second portion of the cap plate, the upper
surface of the insulating plate comprising a protrusion
portion that extends toward the cap plate,

wherein the entire protrusion portion of the upper surface

of the insulating plate is disposed in the first recess,
between the opposing sidewalls,

wherein the insulating plate directly contacts at least one of

the sidewalls, and

wherein the distance between the opposing sidewalls of the

first recess is greater than or equal to the length of the
insulating plate.

2. The battery of claim 1, wherein the insulating plate
includes a second recess on its lower surface and in which the
terminal plate is disposed.

3. The battery of claim 2,

wherein the insulating plate includes a first groove formed

at a predetermined portion of the second recess, and
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wherein the terminal plate includes an anti-rotation protru-
sion provided at an upper surface of the terminal plate
such that the anti-rotation protrusion is coupled with the
first groove.

4. The battery of claim 1, wherein the first recess is about
0.1 mm to about 0.5 mm deep.

5. The battery of claim 1, wherein the first recess is formed
by recessing the lower surface of the cap plate.

6. The battery of claim 1,

wherein a second groove is formed at a predetermined

portion of the insulating plate, and

wherein an anti-rotation protrusion is formed on an upper

surface of the terminal plate such that the anti-rotation
protrusion is coupled with the second groove.

7. The battery of claim 1,

wherein the cap plate comprises a first terminal hole in the

first recess, the insulating plate comprises a second ter-
minal hole, and the terminal plate comprises a third
terminal hole, and

wherein the first, second, and third terminal holes are

aligned with each other.

8. The battery of claim 7, wherein the electrode terminal is
disposed in the first, second, and third terminal holes.

9. The battery of claim 7, wherein the electrode terminal is
electrically insulated from the cap plate by a gasket tube.

10. The battery of claim 7, wherein the insulating plate
comprises a second recess on its lower surface and in which
the terminal plate is disposed.

11. The battery of claim 10,

wherein the insulating plate comprises a first groove

formed at a predetermined portion of the second recess,
and

wherein the terminal plate comprises an anti-rotation pro-

trusion provided at an upper surface of the terminal plate
such that the anti-rotation protrusion is coupled with the
first groove.

12. The battery of claim 11, wherein the first groove is
aligned opposite the second terminal hole.

13. The battery of claim 11, wherein a depth of the first
groove from the lower surface of the insulating plate is greater
than a depth of the second recess from the lower surface of the
insulating plate.

14. The battery of claim 2, wherein the second recess of the
insulating plate has a depth less than a thickness of the termi-
nal plate.

15. The battery of claim 1, wherein the first recess of the
cap plate has a depth less than a thickness of the insulating
plate.

16. The battery of claim 2, wherein:

the second recess has opposing sidewalls; and

a distance between the opposing sidewalls of the second

recess is greater than or equal to a length of the terminal
plate.

17. The battery of claim 16, wherein a perimeter of the
terminal plate is disposed entirely within a perimeter of the
second recess.

18. The battery of claim 1, wherein a perimeter of the
insulating plate is disposed entirely within a perimeter of the
first recess.

19. A battery, comprising:

an electrode assembly including a first electrode, a second

electrode, and a separator;

a case housing the electrode assembly and an electrolyte;

and

a cap assembly disposed in an opening of the case and

including a cap plate, an insulating plate disposed under
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the cap plate, a terminal plate disposed under the insu-
lating plate, and an electrode terminal,

wherein the cap plate includes a first recess formed in its
lower surface, the first recess having opposing sidewalls,

wherein the thickness of the cap plate between the side-
walls is less than the thickness of the remainder of the
cap plate,

wherein the insulating plate comprises an upper surface
contacting the second portion of the cap plate, the upper
surface comprising a protrusion portion that extends
toward the cap plate,

wherein the entire protrusion portion of the upper surface
of the insulating plate is disposed in the first recess,
between the opposing sidewalls,

wherein the insulating plate directly contacts at least one of
the sidewalls, and

wherein the distance between the opposing sidewalls of the
first recess is greater than or equal to the length of the
insulating plate.
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